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European ectoparasitoids of two classical weed
biological control agents released in North America
Franck J. Muller, Peter G. Mason, Lloyd M. Dosdall, Ulrich Kuhlmann
Abstract—The ceutorhynchine weevils Hadroplontus litura (F.) and Microplontus edentulus
(Schultze) (Coleoptera: Curculionidae), are established in North America as biological control
agents for Canada thistle, Cirsium arvense (L.) Scop., and scentless chamomile, Tripleurosper-
mum perforatum (Me´rat) M. Lainz (Asteraceae), respectively. In North America, both weeds
occur sympatrically and in similar habitats as another ceutorhynchine, Ceutorhynchus obstrictus
(Marsham) (cabbage seedpod weevil), an important pest of canola, Brassica napus L., and
Brassica rapa L. (Brassicaceae). Ceutorhynchinae weevils released to control weeds in cultivated
crops may serve as alternate hosts if agents released for biological control of C. obstrictus are
not specific to that species. Parasitoids associated with M. edentulus and H. litura inflict similar
levels of mortality on their hosts, yet a single species was associated with the latter host, whereas
13 species attacked the former. The stem-mining M. edentulus appears to be at some risk but not
the root-crown feeding H. litura, should the parasitoids Trichomalus perfectus (Walker) and
Mesopolobus morys (Walker) (Hymenoptera: Pteromalidae) be introduced as biological control
agents of the silique-feeding C. obstrictus. These findings suggest that feeding niche may be an
important criterion for developing a nontarget species test list for host-range testing of potential
biological control agents.
Re´sume´—Les charanc¸ons Hadroplontus litura (F.) et Microplontus edentulus (Schultze)
(Coleoptera : Curculionidae) sont e´tablis en Ame´rique du Nord comme agents de lutte biolo-
gique contre le chardon des champs (Cirsium arvense (L.) Scop.) et la matricaire inodore
(Tripleurospermum perforatum (Me´rat) M. Lainz (Asteraceae)), respectivement. Ces deux mau-
vaises herbes sont sympatriques et poussent dans des milieux semblables a` ceux occupe´s par le
charanc¸on de la graine du chou (Ceutorhynchus obstrictus (Marsham)), important ravageur du
canola (Brassica napus L., Brassica rapa L. (Brassicaceae)) en Ame´rique du Nord. Les char-
anc¸ons de la sous-famille des Ceutorhynchine´s laˆche´s dans les cultures pour lutter contre les
mauvaises herbes peuvent aussi servir d’hoˆtes aux agents de lutte biologique utilise´s contre le
C. obstrictus si ces agents ne sont pas spe´cifiques a` ce ravageur. On a observe´ que des para-
sitoı¨des associe´s a` M. edentulus et H. litura ont entraıˆne´ des taux de mortalite´ similaires chez
leurs hoˆtes, mais qu’une seule espe`ce de parasitoı¨de e´tait associe´e a` H. litura, tandis que
13 espe`ces attaquaient M. edentulus. Microplontus edentulus, mineur des tiges, serait menace´
alors que H. litura, qui s’attaque au collet, ne le serait pas si les parasitoı¨des Trichomalus
perfectus (Walker) et Mesopolobus morys (Walker) (Hymenoptera : Pteromalidae) e´taient intro-
duits comme agents de lutte biologique contre C. obstrictus, qui s’attaque aux siliques. Ces
re´sultats laissent penser que la niche alimentaire pourrait eˆtre un crite`re important dans l’e´ta-
blissement de listes d’espe`ces non cible´es a` conside´rer dans les essais visant a` de´terminer les
gammes d’hoˆtes des agents de lutte biologique potentiels.
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Introduction
Classical biological control is an important
strategy used against nonindigenous invasive
weed populations (McFadyen 1998; Knight
2001; Wittenberg and Cock 2001). More than
50% of the 85 biological control agents released
against weeds in Canada, the United States of
America, Australia, and New Zealand belong
to the Curculionidae, Chrysomelidae (Coleop-
tera), or Tephritidae (Diptera) (Gassmann 1995;
Mason and Huber 2002; Coombs 2004). In
Canada, 13 species of ceutorhynchine weevils
have been released for biological control of
10 weeds. Among these are Microplontus eden-
tulus (Schultze) and Hadroplontus litura (F.)
(Coleoptera: Curculionidae) (McClay et al.
2002a).
Microplontus edentulus, a univoltine stem-
mining weevil, was released to control scent-
less chamomile, Tripleurospermum perforatum
(Me´rat) M. Laı´nz (Asteraceae), a weed of cul-
tivated land (Hinz and McClay 2000). Scent-
less chamomile forms dense, semipermanent
stands in periodically disturbed sites such as
pond margins, field depressions, or roadsides,
from which seeds disperse into adjacent fields.
Overwintered adult M. edentulus lay eggs into
the upper parts of scentless chamomile stems
in early summer. Larval feeding reduces both
seed output and biomass (Bacher 1993). In
North America M. edentulus has been reported
as established in British Columbia, Alberta,
and Saskatchewan (Anonymous 2009). How-
ever, only the Alberta population has been
recently confirmed to be persisting, and Micro-
plontus edentulus appears to have had minimal
impact on scentless chamomile to date, owing
to its very limited distribution, and damage
caused by the larvae that does not di-
rectly impact plant reproduction (A. McClay,
McClay Ecoscience, Edmonton, Alta., personal
communication).
Hadroplontus litura, a univoltine stem- and
root-mining weevil, was established in Canada
to control Canada thistle, Cirsium arvense (L.)
Scop. (Asteraceae) (McClay et al. 2002a).
Canada thistle causes extensive crop yield
losses through competition (Stachon and Zim-
dahl 1980), but is also a major problem in dis-
turbed noncrop areas (White et al. 1993). Eggs
are laid into the midveins of leaves of Canada
thistle rosettes in early spring and larvae mine
through the vein into the stem base and upper
part of the taproot. Mature larvae emerge from
the stem and pupate in the soil, and adults
emerge to feed on Canada thistle foliage in late
summer (Zwo¨lfer and Harris 1966; Peschken
and Wilkinson 1981). Adults overwinter in
the soil. In North America, H. litura is estab-
lished in British Columbia, Alberta, Saskatch-
ewan, and Ontario (McClay et al. 2002a).
Damage by H. litura larvae appears to reduce
free sugars and fructose in roots of Canada
thistle (Hein and Wilson 2004), contributing to
the physiological stress that reduces its compe-
titiveness with some native plants (Ferrero-
Serrano et al. 2008), rather than directly redu-
cing plant biomass or seed production.
Scentless chamomile and Canada thistle are
major weeds in or near canola, Brassica napus
L. and Brassica rapa L. (Brassicaceae), fields
in Europe (Schroeder et al. 1993). In Canada,
both weeds are widespread (Darbyshire 2003),
including major canola production areas of
Manitoba, Saskatchewan, and Alberta (Donald
1990; Woo et al. 1991). In these provinces and
in Ontario and Quebec, where canola is also
grown, another ceutorhynchine, the invasive
alien cabbage seedpod weevil, Ceutorhynchus
obstrictus (Marsham), is a serious pest of canola
(Dosdall and Mason 2010). Adults destroy
flower buds and larvae damage seeds within
siliques (Kuhlmann et al. 2002). In Europe,
the parasitoids associated withC. obstrictus have
been well documented (Williams 2003; Ulber
et al. 2010) and two species, Trichomalus per-
fectus Walker and Mesopolobus morys Walker
(Hymenoptera: Pteromalidae), are potential clas-
sical biological control agents. However, ceu-
torhynchines introduced to control weeds in
cultivated crops could be at risk of attack
if agents released for biological control of
C. obstrictus are not specific to that species
(Kuhlmann et al. 2006a). Because M. edentulus
and H. litura are ceutorhynchines, they have
been included in the proposed nontarget spe-
cies test list for candidate biological con-
trol agents of C. obstrictus (Kuhlmann et al.
2006a). Despite a number of studies on M. eden-
tulus and H. litura, host–parasitoid associa-
tion records are limited, and it is unknown if
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parasitoid species attacking C. obstrictus will
also attack H. litura and M. edentulus.
To assess the potential for C. obstrictus
parasitoids to attack related weed biological
control agents, it is necessary to determine
the host–parasitoid associations of ecologi-
cally and (or) taxonomically related nontarget
species in the area of origin. Such studies pro-
vide important guidance when selecting non-
target species for host-specificity testing and
facilitate better prediction of potential risks
associated with candidate biological control
agents. The objectives of our study were to
i) assess the parasitism levels of H. litura and
M. edentulus, and ii) determine the parasitoid
assemblages associated with these biological
control agents in their native European habitat.
Methods
Field collections
Scentless chamomile plants were collected
from fallow fields, at field margins, and along
roadsides from May to July at three sites in
Austria (Burgenland county) in 2003, and at
five sites in Hungary (Bekes, Csongrand, and
Pest counties) in 2004 (Fig. 1). Canada thistle
plants were collected in May and June in 2002,
2003, and 2004 at two sites in eastern France
(Alsace re´gion) and five sites in Germany
(Baden-Wu¨rttemberg, Bavaria, and Schles-
wig-Holstein states) (Fig. 1). These sites were
chosen because they were in the regions where
populations of M. edentulus and H. litura
introduced to North America were collected
(McClay et al. 2002a, 2002b).
At each site, 20–50 host plants were col-
lected and dissected at intervals of 2–10 days.
The ramet of Canada thistle plants, the main
shoot, and three randomly chosen side shoots
of scentless chamomile plants were dissected to
detect weevil eggs and larvae. Prepupal larvae
of M. edentulus and H. litura chew an exit hole
through the parenchyma tissue to exit the
plants and drop down into the soil where they
pupate. Thus, the exit holes were recorded and
taken into account to estimate the number of
larvae that had left the plants. Where high lar-
val infestations occur, several larvae can exit
through the same hole, resulting in under-
estimation of these numbers.
For each plant dissected, the eggs and larvae
of ectoparasitoids found on the larvae and
pupae of host weevils or near the remains of
a consumed weevil host, were recorded. Mor-
tality due to host feeding by ectoparasitoid
adults was considered to be an indirect effect
of parasitism and recorded independently.
Parasitism was determined as follows:
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where
Pn
1 paras: is the total number of parasi-
toids found in the plant;
Pn
1 avail:hosts is the
total number of hosts available for parasitism
(second- and third-instar larvae) found in the
plant; Slarv
par is the number of larvae found
parasitized by an ectoparasitoid; Slarv
{ is the
number of larvae found dead with traces of host
feeding like brownish punctures on the tegu-
men; Spar
alone is the number of parasitoids
found alone near the remains of a consumed
host, either as a pupa, or as a newly emerged
adult that had not yet exited the plant;Slarv
healthy
is the number of healthy host larvae; Sholes is the
number of exit holes (made by healthy third-
instar larvae that have left the plant) found on
the shoots during dissections.
A representative parasitism level was esti-
mated for each site, for the date on which the
maximum number of healthy larvae still avail-
able for parasitism were present in the plant,
i.e., just before the number of exit holes started
to increase.
Host density was defined as the maximum
number of hosts parasitized or available for para-
sitism during the season. Thus, only second- and
third-instar larvae were used for calculations.
Exit holes were recorded as equivalent to a single
third-instar larva that had exited the plant.
Parasitoid rearing and identification
Parasitoid eggs and larvae were reared on
the host larvae on which they were found,
and pupae were reared individually on filter
paper in 5.5 cm diameter Petri dishes. Insects
were reared at 20¡ 2 uC, 70% ¡ 10 RH, and
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16L:8D. The insects were checked daily un-
til adult parasitoid emergence. Some species
emerged in the same summer season they were
collected. Others, such as the Braconidae, over-
wintered in cocoons maintained at ambient
temperatures in an outdoor bunker and emerged
the following spring. Identification was pos-
sible only for adults that were killed using
ethyl acetate directly after they had emerged.
Specimens were individually card-mounted,
labelled, and stored for later identification.
Pteromalidae and Braconidae specimens were
identified to species, whereas specimens of
other hymenopteran families were identified
to genus. Voucher specimens for the study
are deposited in the collections of the Natural
Fig. 1. Locations of field collection sites of Tripleurospermum perforatum and Cirsium arvense surveyed for
Microplontus edentulus (o) and Hadroplontus litura (+), respectively, in 2002, 2003, and 2004.
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History Museum of Bern, the Natural History
Museum of Leiden, and the CABI Europe—
Switzerland in Dele´mont.
Host range for each parasitoid species was
determined by reviewing the literature. Where
a specific name could not be assigned, the fam-
ilies known to be hosts for the genus were
reported.
Results
Microplontus edentulus
At all study sites, M. edentulus larvae were
present in shoots until the first week of July.
Weevil densities ranged from 4.0¡ 0.6 (mean
¡ SE) to 7.5¡ 0.9 larvae per plant in Austria
in 2003, and from 1.9¡ 0.5 to 7.1¡ 0.8 larvae
per plant in Hungary in 2004 (Table 1).
Ectoparasitoids were present from the third
week of May until the first week of July. Para-
sitism levels ranged from 1.9% to 52.3% in
Austria in 2003 and from 3.1% to 26.3% in
Hungary in 2004 (Table 1). A total of 14 para-
sitoid species were reared from M. edentulus
larvae, and the species present differed among
sites (Table 2). The most common parasitoids
were Eurytoma curculionum Mayr (Hymeno-
ptera: Eurytomidae) and Stenomalina gracilis
(Walker) (Hymenoptera: Pteromalidae), which
occurred at six and five, respectively, of the
seven sites sampled. Six species, one species of
each of Closterocerus Westwood (Hymenoptera:
Eulophidae), Eupelmus Dalman (Hymenoptera:
Eupelmidae), and Triaspis Haliday (Hymeno-
ptera: Braconidae), an unidentified ichneumonid
(Hymenoptera), and Trichomalus cf. gynetelus
(Walker) and T. cf. perfectus (Walker) (Hymeno-
ptera: Pteromalidae) occurred at only one of
the sites.
All parasitoids are ectoparasitoids, except
Triaspis sp., which is likely an endoparasitoid
(Yu 2009); the single specimen was found as a
pupa alongside the remains of its weevil host.
All species are broad generalists, some being
both primary and hyperparasitoids. The Tri-
chomalus spp. are primary parasitoids of only
some beetle families. Trichomalus perfectus,
however, has been associated with Dasineura
brassicae (Winnertz) (Diptera: Cecidomyiidae)
(Vidal 1993), a secondary invader of the sili-
ques damaged by the primary host, C. obstric-
tus (Table 3).
Hadroplontus litura
At all study sites, H. litura larvae were
observed in shoots of Canada thistle during
the first week of May, and third-instar larvae
left the plant beginning in the second week of
May. Although densities observed in France
and Germany in 2004 were similar to those
observed in 2003, the average temperatures in
2004 were in the normal seasonal range com-
pared with 2.023.5 uC higher temperatures
observed in 2003. Consequently, the pheno-
logy of H. litura was 1 week later in 2004.
Overall infestation levels were rather low, with
densities between 1.2 ¡ 0.4 and 2.4 ¡ 0.8
larvae per plant in France, and between 0.4 ¡
0.2 and 1.6¡ 0.4 larvae per plant in Germany
(Table 4).
Table 1. Numbers (mean ¡ SE) of second- and third-instar larvae of Microplontus edentulus
available for parasitism before the third instars started to exit from plants, and percent parasitism
observed in Austria in 2003 and Hungary in 2004.
Location Mean number (¡ SE) Percent parasitism
Austria
Burgenland / Eisenstadt 1 4.9¡0.60 23.0
Burgenland / Eisenstadt 2 7.5¡0.92 52.3
Burgenland / Eisenstadt 3 4.0¡0.57 1.9
Hungary
Csongrad/Hodmezovasarhely 1.9¡0.46 3.1
Bekes/Kardoskut 5.2¡0.63 11.6
Pest/Bugyi 3.7¡0.30 17.8
Pest/Kiskunlachaza 4.7¡0.51 26.3
Csongrad/Maroslele 7.1¡0.82 4.7
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Ectoparasitoids were already present when
collections began during the second week of
May 2003 and reached maximum levels by
the second week of June. Parasitism levels were
between 6.9% and 47.1% in France and be-
tween 9.3% and 37.5% in Germany (Table 4).
Healthy host larvae started to leave the plant
when sampling began, and only parasitized
larvae and a low number of unparasitized
third-instar larvae were still in the shoots.
Ectoparasitoids found in shoots on the final
sampling dates (the beginning of June) in
2003 and 2004 had already built cocoons.
Twenty-five and 15 adults emerged from these
cocoons over a 1-month period in April of
2003 and 2004, respectively.
Bracon intercessor Nees (Hymenoptera:
Braconidae) was the only species found assoc-
iated with H. litura larvae and was present at
all sites sampled in both years. This species was
also associated with M. edentulus at four of the
seven sites where that species was collected.
Discussion
Hadroplontus litura and M. edentulus are
present in their respective host plants at the
same time of year (Zwo¨lfer and Harris 1966;
Hinz et al. 1996; McClay et al. 2002a, 2002b;
this study), yet the parasitoid complexes assoc-
iated with each herbivore are very different. As
well, overall parasitism levels were similar
between M. edentulus and H. litura, 17.6%
(1.9%–52.3%) and 24.2% (6.9%–47.1%), res-
pectively, yet 13 and 1 species were associated
with M. edentulus and H. litura, respectively.
Differences in feeding niche may explain this,
because a correlation exists between parasitoid
species richness and host-larval feeding site in
phytophagous insects (Mills 1994). Further-
more, plant species that are highly exposed
are subject to highest colonization levels by
herbivorous insects, and parasitoids should
find the greatest range of hosts on such plants
(Askew and Shaw 1986). Hadroplontus litura is
a stem- and root-feeder that mines Canada
thistle rosettes, at ground level in spring, and
feeds downward into the root (i.e., it is subter-
ranean and difficult to find). Microplontus
edentulus mines the aerial stems of scentless
chamomile plants and larvae move upward
to the seed heads (i.e., it is easy to find). On
a scale of increasing concealment within the
host plant or soil, borers (miners) generally
support more parasitoid species than do
root-feeders (Hawkins 1994), a relationship
clearly evident in this study.
Askew and Shaw (1986) stated that similar
ectoparasitoid complexes attack taxonomically
and ecologically related hosts in widely sepa-
rated geographic areas. If they are correct, then
our findings, despite being collected in only one
region of their range, indicate that the parasi-
toid complex associated with M. edentulus con-
sists of a large number of species, among which
at least four, B. intercessor, E. curculionum,
Table 4. Numbers (mean ¡ SE) of second- and third-instar larvae Hadroplontus litura available
for parasitism, and percent parasitism observed at sites in France and Germany in 2002, 2003, and
2004.
Location Mean number (¡ SE) Percent parasitism
France
Alsace / Lucelle 1 1.21¡0.41 12.5
1.90¡0.63 6.9
Alsace / Lucelle 2 2.35¡0.81 47.1
1.25¡0.33 15.4
0.85¡0.38 43.8
Germany
Southern Rhine Valley / Grissheim 1 0.40¡0.22 37.5
Southern Rhine Valley / Grissheim 2 0.65¡0.23 35.3
Bayern/Scheyern 1.55¡0.44 9.3
Schleswig-Holstein / Stolpe 1 0.56¡0.18 18.8
Schleswig-Holstein / Stolpe 2 0.48¡0.20 15.4
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S. gracilis, and a species of Syntomopus Walker
(Hymenoptera: Pteromalidae), are widespread
(Yu 2009). We could find no published studies
of the parasitoids associated with M. edentulus,
thus we could not determine if this parasitoid
assemblage occurs over the entire range of its
host.
In the case of H. litura, the single parasitoid
collected in this study, B. intercessor, was also
associated with M. edentulus. This parasitoid is
widespread across the Palaearctic and it has
a very broad host range (Table 3; Yu 2009).
However, Freese (1994, 1997) reported one pos-
sible hyperparasitoid, a species of Gelis Thun-
berg (Hymenoptera: Ichneumonidae) and four
ectoparasitoids, Phaonia trimaculata (Bouche´)
(Diptera: Muscidae), Bracon immutator Nees
(reported as Lucobracon erraticus Wesmael in
Freese 1994) (Hymenoptera: Braconidae), an
unidentified species of Chlorocytus Graham
(Hymenoptera: Pteromalidae), and S. gracilis
associated withH. litura in Germany. TheChlor-
ocytus species was associated with H. litura from
western Poland, and the other species with
H. litura in thistles in the Nordbayern region
of Germany.
These findings suggest that there is geo-
graphic variation in the parasitoid complex
associated with at least H. litura. The presence
of a braconid species, and the pteromalids
Chlorocytus sp. and S. gracilus in the parasi-
toid assemblage of both M. edentulus and
H. litura supports the hypothesis that parasi-
toid complexes are similar for taxonomically
and ecologically related hosts over broad geo-
graphical areas (Askew and Shaw 1986). Fur-
thermore, Freese (1997) also recorded 24%
parasitism by B. immutator at various sites in
three regions of Germany, which is similar to
the findings in this study for B. intercessor.
Hadroplontus litura, M. edentulus, and C. ob-
strictus occur sympatrically in Europe and
overlap in their periods of larval development
(Bonnemaison 1957; Zwo¨lfer and Harris 1966;
Peschken and Wilkinson 1981; Hinz et al. 1996;
McClay et al. 2002b; Dosdall and Moisey 2004),
suggesting that parasitoids ofC. obstrictus could
attack H. litura and M. edentulus (Kuhlmann
et al. 2006a).Trichomalus perfectus andM.morys
are the two most common parasitoids of
C. obstrictus in Europe (Williams 2003) and
both are considered to be potential biological
control agents for release in Canada (Kuhl-
mann et al. 2002). In this study, we found
T. cf. perfectus also associated with M. edentu-
lus. If this parasitoid is confirmed to be T. per-
fectus, it indicates that release of T. perfectus in
North America could result in nontarget im-
pact on M. edentulus. However, such nontarget
impact would likely be negligible because only
a single specimen was found at one of the
seven locations sampled in our study.
Our study documented several new host–
parasitoid associations: Chlorocytus spp., E. cur-
culionum, S. gracilis, Syntomopus sp., and T. cf.
gynetelus with M. edentulus larvae; and B. inter-
cessor with H. litura larvae. Stenomalina gracilis
has a broad host range, associated with several
ceutorhynchine species such as C. obstrictus
(Dmoch 1975), H. litura (Vidal 1997), C. napi
Gyllenhall, C. pallidactylus (Marsham), and
C. roberti Gyllenhall (Kuhlmann and Mason
2002; Ulber 2003), so it is not surprising to find
it also associated with M. edentulus. Our results
indicated that Syntomopus sp. is a primary lar-
val ectoparasitoid, whereas other Syntomopus
spp. have been recorded only as primary pupal
ectoparasitoids (Graham 1969). The braconid
B. intercessor, one of the four most common
parasitoids associated with M. edentulus, was
the only species to attack H. litura in our study,
a new association.
In conclusion, parasitoids associated with
M. edentulus and H. litura inflict similar levels
of mortality on their hosts, yet a single species
is associated with the latter host, whereas 13
species attack the former. The stem-mining
M. edentulus appears to be at greater risk than
the root-crown-feeding H. litura, should bio-
logical control agents of C. obstrictus be intro-
duced. These results indicate that feeding niche
may be an important criterion for developing a
nontarget species test list for host-range testing
of potential biological control agents, support-
ing the methods proposed by Kuhlmann et al.
(2006a, 2006b). Furthermore, understanding the
population dynamics of economically important
species is still hampered by insufficient know-
ledge of the natural enemy complexes that may
be important in regulating herbivorous insects
(Vidal 2003). If T. perfectus, with only a single
specimen found in this study, and M. morys,
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with none found, are introduced to Canada, it
appears that they would pose low risks to either
M. edentulus or H. litura.
Acknowledgments
We acknowledge E. Cuenot, V. Larraz, L.
Lovis, G. Nagy, F. Janos, A. Leroux, T. Gariepy,
K. Riley, L. Andreassen, L. Valdivia Buitriago,
R. Stelkens, and S. Maggins for their help as part
of the CABI Arthropod Biological Control team.
We thank M. Belde and B. Klander for finding
collection sites of Canada thistle in Germany.
G.K. Scheibelreiter assisted with collections of
scentless chamomile in Austria in 2003. We
appreciate fruitful discussions with A. Gass-
mann, H. Hinz, and S. Toepfer. Hannes Baur,
Natural History Museum, Bern, Switzerland and
Gary Gibson, Canadian National Collection,
Ottawa, Ontario, Canada, provided identifica-
tion of the chalcid parasitoids. Michael Gates,
United States Department of Agriculture —
Agricultural Reseach Service, National Museum
of Natural History, Washington D.C. identified
the eurytomid parasitoids. T. Haye provided
helpful comments on an earlier draft. This work
was funded by Project PRR03-370 of Agriculture
and Agri-Food Canada’s Pest Management
Research Centre, and the Alberta Agricultural
Research Institute.
References
Anonymous. 2009. Biological control agent: Micro-
plontus edentulus Schultze [online]. Available from
http://www.for.gov.bc.ca/hfp/biocontrol/agents/
Microplontus_edentulus.htm [accessed 7 Sep-
tember 2010].
Askew, R.R., and Shaw, S.R. 1986. Parasitoid com-
munities. In Insect parasitoids. Edited by D.
Greathead and J. Waage. Academic Press, Lon-
don, United Kingdom. pp. 225–229.
Bacher, S. 1993. Vergleichende o¨kologische Studien
u¨ber zwei sympatrische Ru¨sselka¨ferarten an der
Geruchlosen Kamille (Tripleurospermum perfor-
atum). Diplomarbeit, Zoologisches Institut,
Christian-Albrechts-Universita¨t, Kiel, Germany.
Bauer, H. (Editor). 2005. Determination list of ento-
mophagous insects nr.14. Bulletin de la Section
Regionale Ouest Palaearctique, Organisation
Internationale de Lutte Biologique, 28: 1–71.
Bonnemaison, L. 1957. Le charanc¸on des siliques
(Ceutorhynchus assimilis Payk.) biologie et me´-
thodes de lutte. Annales des E´piphytes, 8: 387–
542.
Boucek, Z. 1977. A faunistic review of the Yugos-
lavian Chalcidoidea (parasitic Hymenoptera).
Acta Entomologica Jugoslavica, 13(Suppl. 32):
1–145.
Charlet, L.D., Armstrong, J.S., and Hein, G.L.
2002. Sunflower stem weevil and its larval para-
sitoids on the central and northern plains of the
USA. BioControl, 47: 513–523. doi:10.1023/A:
1016567930895.
Coombs, E.M. 2004. Factors that affect successful
establishment of biological control agents. In
Biological control of invasive plants in the Uni-
ted States. Edited by E.M. Coombs, J. K. Clark,
G. L. Piper, and A.F. Cofrancesco. Oregon State
University Press, Corvallis, Oregon. pp. 85–94.
Darbyshire, S.J. 2003. Inventory of Canadian
agricultural weeds. Agriculture and Agri-Food
Canada, Research Branch, Ottawa, Ontario,
Canada, Catalogue No. A42-100/2003E-IN.
Dmoch, J. 1975. Study on the parasites of the cab-
bage seedpod weevil (Ceutorhynchus assimilis
Payk.). I. Species composition and economic
importance of the larval ectoparasites. Roczniki
Nauk Rolniczych, 5: 99–112.
Donald, W.W. 1990. Management and control of
Canada thistle (Cirsium arvense). Reviews of
Weed Science, 5: 193–250.
Dosdall, L.M., and Mason, P.G. 2010. Key pests
and parasitoids of oilseed rape or canola in North
America and the importance of parasitoids in
integrated management. In Biocontrol-based
integrated management of oilseed rape pests.
Edited by I.H. Williams. Springer-Verlag Press,
Dordrecht, The Netherlands. pp. 167–214.
Dosdall, L.M., and Moisey, D.W.A. 2004. Devel-
opmental biology of the cabbage seedpod weevil,
Ceutorhynchus obstrictus (Coleoptera: Curculio-
nidae), in spring canola, Brassica napus, in west-
ern Canada. Annals of the Entomological Society
of America, 97: 458–465. doi:10.1603/0013-8746
(2004)097[0458:DBOTCS]2.0.CO;2.
Ferrero-Serrano, A´., Collier, T.R., Hild, A.L., Mealor,
B.A., and Smith, T. 2008. Combined impacts of
native grass competition and introduced weevil
herbivory on Canada thistle (Cirsium arvense).
Rangeland Ecology and Management, 61: 529–
534. doi:10.2111/07-142R.1.
Freese, G. 1994. The insect complexes associated
with the stems of seven thistle species. Entomo-
logia Generalis, 19: 191–207.
Freese, G. 1997. Insektenkomplexe in Pflanzensten-
geln. Bayreuth Institut fu¨r Terrestrische O¨kosys-
temforschung, Bayreuth University, Germany.
Gassmann, A. 1995. Europe as a source of bio-
logical control agents of exotic invasive weeds:
status and implications. Mitteilungen der Schwei-
zerischen Entomologischen Gesellschaft, 68:
313–322.
Graham, M.W.R. 1969. The Pteromalidae of North-
Western Europe (Hymenoptera: Chalcidoidea).
208 Can. Entomol. Vol. 143, 2011
E 2011 Entomological Society of Canada
https:/www.cambridge.org/core/terms. https://doi.org/10.4039/n10-057
Downloaded from https:/www.cambridge.org/core. University of Basel Library, on 10 Jul 2017 at 16:19:26, subject to the Cambridge Core terms of use, available at
Bulletin of the British Museum (Natural History)
Entomology (Suppl. 16): 1–908.
Gumovski, A.V. 2001. The status of some genera allied
to Chrysonotomyia and Closterocerus (Hymeno-
ptera: Eulophidae, Entedoninae), with description
of a new species from Dominican amber. Phegea,
29: 125–141.
Hansson, C. 1990. A taxonomic study on the
Palearctic species of Chrysonotomyia Ashmead
and Neochrysocharis Kurdjumov (Hymenoptera:
Eulophidae). Entomologica Scandinavica, 21:
29–52.
Hansson, C. 1994. Re-evaluation of the genus Clos-
terocerus Westwood (Hymenoptera: Eulophi-
dae), with a revision of the Nearctic species.
Entomologica Scandinavica, 25: 1–25.
Hansson, C. 1996. Taxonomic revision of the Nearctic
species of Omphale Haliday (Hymenoptera: Eulo-
phidae). Entomologica Scandinavica (Suppl. 49):
1–78.
Hawkins, B.A. 1994. Pattern and process in host-
parasitoid interactions. Cambridge University
Press, Cambridge, United Kingdom.
Hein, G.L., and Wilson, R.G. 2004. Impact of Ceu-
torhynchus litura feeding on root carbohydrate
levels in Canada thistle (Cirsium arvense). Weed
Science, 52: 628–633. doi:10.1614/WS-03-099R1.
Hinz, H.L., and McClay, A.S. 2000. Ten years of
scentless chamomile: prospects for the biological
control of a weed of cultivated land. In Proceedings
of the Xth International Symposium on Biological
Control of Weeds. Edited by N.R. Spencer. Boze-
man, Montana, USA. pp. 537–550.
Hinz, H.L., Bacher, S., McClay, A.S., and De
Clerk-Floate, R.A. 1996. Microplontus (5Ceu-
torhynchus) edentulus (Schultz.) (Col.: Curculio-
nidae), a candidate for the biological control of
scentless chamomile in North America. Revised
Final Report, International Institute of Bio-
logical Control. Dele´mont, Switzerland.
Knight, J. 2001. Alien versus predator. Nature
(London), 412: 115–116. doi:10.1038/35084271
PMID:11449232.
Kuhlmann, U., and Mason, P.G. 2002. Use of field
host range surveys for selecting candidate non-
target species for physiological host specificity
testing of entomophagous biological control
agents. In Proceedings of the International Sym-
posium on Biological Control of Arthropods,
Honolulu, Hawaii, 14–18 January 2002. Edited
by R.G. Van Driesche. United States Department
of Agriculture, Forest Service, Morgantown, West
Virginia. FHTET-2003-05. pp. 370–377.
Kuhlmann, U., Dosdall, L.M., and Mason, P.G.
2002. Ceutorhynchus obstrictus (Marsham), cab-
bage seedpod weevil (Coleoptera: Curculionidae).
In Biological control programmes in Canada,
1981–2000. Edited by P.G. Mason and J.T.
Huber. CABI Publishing, Wallingford, Oxon,
United Kingdom. pp. 52–58.
Kuhlmann, U., Mason, P.G., Hinz, H.L., Blossey, B.,
De Clerck-Floate, R.A., Dosdall, L., et al. 2006a.
Avoiding conflicts between insect and weed bio-
logical control: selection of nontarget species for
test list to assess host specificity of cabbage
seedpod weevil parasitoids. Journal of Applied
Entomology, 130: 129–141. doi:10.1111/j.1439-
0418.2006.01040.x.
Kuhlmann, U., Schaffner, U., and Mason, P.G.
2006b. Selection of non-target species for host
specificity testing. In Environmental impact of
invertebrates for biological control of arthro-
pods: methods and risk assessment. Edited by
F. Bigler, D. Babendreier, and U. Kuhlmann.
CABI Publishing, Wallingford, Oxon, United
Kingdom. pp. 15–37.
Mason, P. G., and Huber, J. T. (Editors). 2002. Bio-
logical control programmes in Canada, 1981–2000.
CABI Publishing, Wallingford, United Kingdom.
McClay, A.S., Bourchier, R.S., Butts, R.A., and
Peschken, D.P. 2002a.Cirsium arvense (L.) Scopoli,
Canada thistle (Asteraceae). In Biological control
programmes in Canada, 1981–2000. Edited by P.G.
Mason and J.T. Huber. CABI Publishing, Walling-
ford, Oxon, United Kingdom. pp. 318–330.
McClay, A.S., Hinz, H.L., De Clerck-Floate, R.A,
and Peschken, D.P. 2002b. Matricaria perforata
Me´rat, scentless chamomille (Asteraceae). In Bio-
logical control programmes in Canada, 1981–
2000. Edited by P.G. Mason and J.T. Huber.
CABI Publishing, Wallingford, Oxon, United
Kingdom. pp. 395–402.
McFadyen, R.E. 1998. Biological control of weeds.
Annual Review of Entomology, 43: 369–393. doi:
10.1146/annurev.ento.43.1.369 PMID:15012395.
Mills, N.J. 1994. Parasitoid guilds: a comparative
analysis of the parasitoid communities of tortri-
cids and weevils. In Parasitoid community eco-
logy. Edited by B. A. Hawkins and W. Sheehan.
Oxford Science Publications, Oxford, UK. pp.
30–46.
Mitroiu, M.D. 2001. Revision of the Chalcidoidea:
Pteromalidae (Hymenoptera) collections of the
Belgian Royal Institute of Natural Sciences and
the discovery of 31 new species for Belgium. Bul-
letin de la Societe´ Royale Belge d’Entomologie,
137: 91–97.
Peschken, D.P., and Wilkinson, A.T.S. 1981. Bio-
control of Canada thistle (Cirsium arvense):
releases and effectiveness of Ceutorhynchus litura
(Coleoptera: Curculionidae) in Canada. The
Canadian Entomologist, 113: 777–785. doi:10.
4039/Ent113777-9.
Schauff, M.E. 1991. The Holarctic genera of Ente-
doninae (Hymenoptera: Eulophidae). Contrib.
American Entomological Institute, 26(4).
Schroeder, D., Mueller-Schaerer, H., and Stinson,
C.S.A. 1993. A European weed survey in 10 major
crop systems to identify targets for biological con-
trol. Weed Research, 33: 449–458. doi:10.1111/j.
1365-3180.1993.tb01961.x.
Muller et al. 209
E 2011 Entomological Society of Canada
https:/www.cambridge.org/core/terms. https://doi.org/10.4039/n10-057
Downloaded from https:/www.cambridge.org/core. University of Basel Library, on 10 Jul 2017 at 16:19:26, subject to the Cambridge Core terms of use, available at
Stachon, W.J., and Zimdahl, R.L. 1980. Allelo-
pathic activity of Canada thistle (Cirsium arvense)
in Colorado. Weed Science, 28: 83–86.
Tremblay, E. 1968. Observations on the weevils of
hemp (Col., Curculionidae). Morphological and
biological notes, and chemical control. Bollettino
del Laboratorio di Entomologia Agraria Filippo
Silvestri, Portici, 26: 139–190.
Ulber, B. 2003. Parasitoids of ceutorhynchid stem
weevils. In Biocontrol of oilseed rape pests. Edi-
ted by D.V. Alford. Blackwell Science, Oxford,
United Kingdom. pp. 87–95.
Ulber, B., Williams, I.H., Klukowski, Z., Luik, A.,
and Nilsson, C. 2010. Parasitoids of oilseed rape
pests in Europe: key species for conservation bio-
control. In Biocontrol-based integrated manage-
ment of oilseed rape pests. Edited by I.H. Williams.
Springer-Verlag Press, Dordrecht, The Nether-
lands. pp. 45–76.
Vidal, S. 1993. Determination list of entomophagous
insects No. 12. Bulletin de la Section Regionale
Ouest Palaearctique, Organisation Internationale
de Lutte Biologique, 16: 1–28.
Vidal, S. 1997. Determination list of entomophag-
ous insects. No. 13. Bulletin Section Regionale
Ouest Palaearctique, Organisation Internationale
de Lutte Biologique, 20: 1–25.
Vidal, S. 2003. Identification of hymenopterous
parasitoids associated with oilseed rape pests.
In Biocontrol of oilseed rape pests. Edited by
D.V. Alford. Blackwell Science, Oxford, United
Kingdom. pp. 161–179.
White, D.J., Haber, E., and Keddy, C. 1993. Invas-
ive plants of natural habitats in Canada. Ottawa,
Ontario.
Williams, I.H. 2003. Parasitoids of cabbage seed
weevil. In Biocontrol of oilseed rape pests. Edited
by D.V. Alford.Blackwell Science, Oxford, Uni-
ted Kingdom. pp. 97–112.
Wittenberg, R., and Cock, M.J.W. (Editors). 2001.
Invasive alien species: a toolkit of best prevention
and management practices. CABI Publishing,
Wallingford, Oxon, United Kingdom.
Woo, S.L., Thomas, A.G., Peschken, D.P., Bowes,
G.G., Douglas, D.W., Harms, V.L., and
McClay, A.S. 1991. The biology of Canadian
weeds — Matricaria perforata Me´rat (Astera-
ceae). Canadian Journal of Plant Science, 71:
1101–1119.
Yu, D.S. 2009. Taxapad: Scientific names for informa-
tion management [online]. Available from http://
www.taxapad.com/taxapadmain.php [accessed 7
September 2010].
Zwo¨lfer, H., and Harris, P. 1966. Ceutorhynchus
litura (F.) (Col., Curculionidae), a potential
insect for the biological control of thistle, Cirsium
arvense (L.) Scop., in Canada. Canadian Journal
of Zoology, 44: 23–38. doi:10.1139/z66-002.
210 Can. Entomol. Vol. 143, 2011
E 2011 Entomological Society of Canada
https:/www.cambridge.org/core/terms. https://doi.org/10.4039/n10-057
Downloaded from https:/www.cambridge.org/core. University of Basel Library, on 10 Jul 2017 at 16:19:26, subject to the Cambridge Core terms of use, available at
